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PROBLEM TO BE SOLVED: To restrain a MOS 
transistor from varying in threshold voltage in long-term 
service by a method wherein the MOS transistor is 
improved in slow trap characteristics restraining a lack 
of uniformity in threshold voltage due to reduction in a 
short channel characteristics. 

SOLUTION: Fluorine ions are implanted into the surface 
of a silicon substrate 1 around a gate electrode in a 
PMOS forming region. Then, a first thermal treatment is 
carried out to remove interstitial silicon atoms which are 
generated when ions are implanted. Thereafter, fluorine 
ions are diffused into a region under a gate electrode by 
a second thermal treatment. In this case, the first 
thermal treatment is a lamp anneal treatment such as 
RTA or the like, and the second thermal treatment is an 
oven anneal treatment. 
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* IHSrff 5 C <t £ff St t -SffifflifflM OSh 
5>^**©$gjS;££. 

[0 04 2] [ 1 1 ] ^>Ja>SSJik:nMMOS 
>^^d»fe«tO*pSMOS F-7>i^££J&&-r£IfI 
b?IBpSMOS h7>^X^©0^ [ 1 ] 75 
S [8] c>rti^«:iBlS©*ffi«:bfc*5orm». miZ 
nIMOS Y5>i?Z.ii<Dimm*s£V/$.tMy-- Y 

wmBi&<DVSiicwm<D a * 5 taiiSM osh 
<Dmm mm* 3 o k e v«T<t u . mrta*^©^ 30 

A©&. pSfMOS h7>^X^«r«fiS^^y-hS@ 
*J«fctff!£ffcJl©affi©4>& < £ fc-SBfcJ: nMMO S 
F 5> f Fm&te<J:0'&ffc)l©*B 

"TSIff^T 9 C <t*<tm<bTStBfflMMO S F 
**©SSi&;£f&. 

[0043] [12] «Ba©iSl8u*i£ISi' "7 FJg© 
■C*SC£«r!}$®ii-rS [9] 75M [ 1 1 ] t>r*i*»K: 

f ets©taiiS!M osh7>y^f 40 

[004 4] F9>5>.^*o«H(B|Stt|$ttt?**^0 

ss^fc^^^ttAtcjco^A-rst. mmicft+tsns 
m®<D*&®mm.ftn;<D%.mz 3 1 c r c 1 1 & s . 

C©i®£. h7>yx^©tt^^g*»3*i«0<ffiT 
[0045] *:^«c©«fc 'jtmi&*m®i?Z> i><DX 



^132 0 0 1- 1 56 29 1 
10 

•c?BfiS-r6fc©-c*-5. -r&*>^. 7yjg©-f*>ttA 

icy >«tW»8*TS i -Fte^iSSfi^-CffJfS-r* 

fc©-c£>s. 

[0 04 6] $J^©MOS F^>^Xf ©t?j£:£?£ 

tt, ^^w^^au/csl 2e^©^Ma*tf^ 

[0047] m— <DtmM\t? ^s-r *>aAtcfft>» 
mmmic$.ttcft*misv z box $> 

-3***AS *:^«c©«j;^&ras*. m— © 

[0048] *^{CteW^^H©^ati. V vm* 

y- FmgT©?- + 4.Ji^is«:i«;»c3-&^fe©-c*s. 
-r^t>^c©^s«> y-Fmgi8©v-* • fu-y 

>ff^@^ffi(c^ASti7c7 ^**y- F^ST©M 
WltWlsjMti><DX$>Z. ?+*)Vim*:mf&?Z>isV 
n>B. fc<hfc<t^l 6 (a) ©J^tC^ffigflA^jgi 
lS^Urt,^*\ *-6C»B*fe^©*S^L/7c}i5®<!: 

016 (b) ©J^tCfc*,, ^— ©ja^a(C,J;»)7^lg 

«7>y^>F*i3ai^(c7-y^-csfii3ns. cntcj: 

9Xtt-F^v:^te* :! ii*fc&#3ft-5>„ C©S^!ia 
KJ; -jt7 mimM^^ •57c» < ^ n — F 5 f y 
^tt©»#^*^^K:^6ti. *7c. m©Ififc*jc> 

[0049] S -/^©tS^^^HSii) 

tzct&xz. xm±.. mmttez. cc-c. 7?m 

<Dm&®imtlt. «A0A:79*©9«. Si-F^ 

{cm©sn7ct©©fd^7nr. 7 ^^©js^a^iss 
wnn !^s(HK©7? s^Afir, ^>yy>^!K 

>F^S i -H*£££S i -F^(C^$^<^-rS 
[0 0 5 0 ] XO- F-5f ^tt^K^-r-stcB. ^i- 

*^m«©^«fcto/c 0 . -^nayji±© ^ 5. ms&w 

motxtevtutftbtji^ctfrt,. 7 »5R©^S6^*i 
^1©7 -^^WAtSC tM«i&4. tCZifiC 
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>>l l C2M!S<D®MmZtf-oX<,>Z>tctb> C©<fc5ftRgH 

/hretc-cssci*^ y-t-ssgaau y-ne 
^«{cts«T-rs7 •^^(sigE-e^.s.,, y- h^Mtc^ 

3*ifcJIH\ fciiUiy- hgO. 15/imfcTF©y- 10 
tt^*JrajSi«ci. *^fcJ:nif. C©J:5fr8bffl<b 
[0 05 1 ] fei±©«fc^CC^^©MOS H5>y^f 

tic**)? hmmmm-TommitmsiZi*, 

CtUCJ: K) xn- h =? v y«F&€r5Jc#TS t><DX$>Z. 
C©.* &#&ffi©^Tf&iEO/c:7?9&£^A^*«* 

• Fw>©jggB-s>y- \-mmmppicv ?s&m\ 20 
*>©-?*> 9. ^^<t«7 vm*m&\Z-ttz>miifi 

S&-5ti>5. xn- ^y#ti?{c#©/c«?)K«y- 
Ci*^^c©-C*0. C©«fc5ftt*3i£2 

[0 05 2] ftfc^iJfJKfcOtrtJ. y-hmSS22© 

*>*iiAL-cfc<fci,>. *^cc*jt,irwy-hm@^ 30 

*+*^giJg<©y- btmmpicmztAtt'y vf&t>m 

[0053] */c. ±te [ 8 ] nm [ 1 2 ] setg©^ 
mos h^>^x^*«fiST-&y- 

->yy-/ b'mzBf$.vxtmvut*:mix<,>2>&. cn 
p.w^Bjtc.tn^ ^ ? judaic ^-s^y-y^ F«©a 40 
m©^[ jais^ccRSih-c # s . 

[0 054] h7>^X$©SWflffltt#tt-C*SXO 

7^ig^A-r-2>c<t*iwsair*i„ u*»u nssy- 

0 s§a i/ fcgpfl-sr ~> y -f Fft-r mm&mo s 

j/y-y-r FfbEis*«*(y<»iW3#i*. 
[0055] y- tmmtmkmimt<Dmm*f}j±-r 

Ztc&lC-V- A F ■> * - A- • X^— y_h©jfcJ5l&&JII£l$ 50 
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3rr sig&tT 5cit, ±ia©^ y v 4 FffcKitaH- 
tt©j"j*-f FfcN&sti. ^©is^x* 

[0056] «F«:JM-7-fi©A#^nS^K«5^Ar^ 

-f*>aAtc«tos i -s i&£w&®.®m2titc& 

«c. 7 ^^aA(c,J:»3 7^^?:^A^Si. «r^i*iU 
^-©g&rAS^S i -F1&£&BJ£ZtiZ>. ttc, 
$>hfrClb7 v^ffiALfc^«cM^S©A#^nS 
^&£«A-r*-Y*>&A£tf5C<!:-Cfc. ISMfKIS 

i - s i Mi^^xMnwsti. tSTW(c#fi-r-S7 
tmm±<om< l cmcK.mG**.)i-¥-<D&tbx*zi,>s 

i -FtS-SmmZtlZ. C©fc«>. S i *^!^;ftS^«<^:-f 
Si'y•y--f F(tKl&K:*a>T. S i©*S^,a**g&3*i 

*->yy-r F{tras*i*L/<«i$iisnsciK^* 0 
[ 0 0 5 7 ] ±ib [ 8 3 nm [ 1 2 ] iai8©i^«c© 
<fc5&ras&j5?fc-r&fc©tNfc»). s^y-y-^ Fas©^ 

^{fc^UfffifixIk^W^licKSihL/. ? + *.)vm® 
{CS i -FtS^iSt^-C^fiS-rafc©^*^. 
[0058] fcteiiactatsfcfcu-c. ^fKHBS^*> 

g±-> y -y ^ F^ffi©jfJtt^t^iSJigts{b4R*±^s c 

tKo^T^tl^Ai. -e©flfe©fi^l-r*> (fei 
[0059] 

[|%W©^SS©0^] ^WtcfcWim-JBJ:!^^-© 

m*m<»mftu. m—<ommm<D^ m-vmmwr 

5fetc»-©^a«rtfofcJ«^. 
ffi(Cia^K^y 3>M : F*^-5/ct^-C7 -^^fi£ti©/c 
to©^a*^ft>n€.Ci{cfer). c©<b^(S|B#«:ffi© 

a <t m-©^a* i^B* /c«^ t ±ib t p)tai©Ffl 

[0060] *%?iK:*j(,>r. 3i-<Dfmmim*mis 
, ;3>^ ; &?«iSS-a--5>fc©-c*,-2.. c©^msi». s 

7 y ^^*>ffiA©^{CS«*K:^A3*ifcte 

y ^ >B.jo&&<otcib. -rxtcmm'picmx $ 
n-c i>-s^K«j©«ffi»flj*s^«rr s cim. <t 
h5>^xi»gifflm)iissffl©^^y-x • 

F U >^©^!gJ©^iM^?fia^fij*^Sb u-c b * 
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tab. mxkmzmmwcn >>ctt>m.*u,>. — c 
©j; >) xmmiomim-cftftuim&temzmmz # * 

S-©iMIB. RTA (Rapid Thermal Anne 
aling) 9©5>^T--MCj:i)fT9C£*i»*0 

$L<tt900-l lOO'CiU ^MfflB#P^t*fci^. 10 

©<t 5fr&MS£tt£-rtx«. ^ ?^<t t i><c*&®i& 

[006 1 ] #&BJ3CtfcW£l&-©i&Jt!BItt. 7 vm* 

C(D^ffi*ff SCitCfcO. 7 ?i££y- hit&liJ&iL 
T©^**.^^©^^ »3g*Jt;»S#. C©7* 
^=&V'j3><b^3-ti-SCi*i-C#S 0 m-CDJ^S 20 

4c<b*j»*oi>. s&-©&*aiij:9 fcsg*iisa>o/c 
tmwvmmmt. *?* o < « e o o -cj^i. j: o # 

tO<«6 5 0-Ctt±it5. £/c. *?£L<tt850 
•CfcTF. «£ 9»* 1/ < «8 0 0 'CWTi-r-S. S£#<E 
-TZZtw mE&tfiftftlcft t>*x-r . x a - h 7 ? 7 

©**&&*> v-x • k u-Y ^mm<D*m® & tm. o , ^ 

©^tf^s&L-ct,* 5 c c©*g[6j». 
!&j*5#a>©tfi^ 1$KJR*&&&. m-©&»S«:. 
4rVr~-*(cJ:*C£*9T£(s<. &#MB#lim*. 
KB5~12 0», 36(CJf*L/<«10~6 0^t 

rs. c©*^«:-r*i«. y— MfejftiiiirF©^^©^ 

y 3 ><D ^ > ^ 'J > if#> F3?£ 7 ? ^mtc^t 
&C<i#-Ci*S. 

[0 06 2] ftfc. *^(cteW-57 -^O-ftViJA 

^-y^^liArsct^uv yvittfv 40 
> (BF,') ^©{b^J<D?£A«t«^-5.4>©r*-2>. 
[0063] ^^JCteWS^— ©MMffi«. 7 v%(D 
4 * >&A&. inffifc £ffe©2SM&a.J: *) fcjtetcfr 5 C t 

**fcF*iA». ts^a^y^M^-^^roifjiffi 
tsT-fffl^y3>M^*^L,/ce^©^vsxfi 

F9 * -)lBf&<Dtclb<DC V D&K J: ZWLitmfcfSJLm 

7oo~8oo -cfiK©$ugfii£iiis/t«>. 

^©&#Cct@jIJ£iJ#!£i;S. v *JJU*>£A©H« 
y-x • FW >r§te*b©fc#©aWl!JHrt**-3-C so 
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«k @ra»«lg^©Jf$fiSK:«ti^Hffi?rigrt. ^©<S 

[0064]*|6W«. pMOS (p§?r5>yx 
*) . ^KpM^£<t*fcSlH^ + *>l'59©pMOS 

tcmm l terns, -mwmmic xu-y-^v ?<D?%m* 

M&;-Vi*2>. pMOS©i*£. nMOStCtbfSLT FU 

*jHi© p mo sr». ^+*ji^ig#8fct>fc#>K:xt3 

mH8 k e V«T©Y*>aAffi«:J; i?at,»^©V- 
x- FW >^*0(S-T'5>^'a-feX«:jiffiO/cti^ > 

[00653 ^DJ(c*Jt,»r. =i^b h> y-^-f Fig* 

nMOSffM^K?*- h U^X h^rtgiW-C^ p MO S 

n M^*- h me±-f» n Slitttmnmhis v v- A F *B© 

T>^*>Y*>^ci*. M^a©^*^^^^*^^ 
i£A^ . L < F - Xfi© -i * > *aA 

■r^^tctt. ^y3>asaHiaei©s i -s 

*s^iS!WBt$n. *S^x*;t^-©A$t>S i -F*S^ 

^sS^ns. cct, s^y-y-f F{fcK£«. S«©« 
±ie©BMiJSfc.*i*b<ecD{c< <ft5ci 

{Cct«3. ->yy-f F{bsi&««i*iisn&„ c©fe^ 0 

d> y-h^sifi£tstamet©*ii^±-rsfcfecc 
■y-r f * • y-±©*jsit.^4^*-r*x 

[006 6] CCT?. -^tJ^-rnMOS^fiS^tC^ 
f^-C*>«raA-r^*i^. Bt^Y*>©F-Xfi*4 
x l 0 15 cr'WT, «fc*)*f*0<«l x 1 o ls cm-' 

3 OKe VWFtVXriX-f^CtK.j:*}. nlV-h 

nm*nMWfcm&&*&m-z>ctf)W£.is\<K c© 
fflt^^+^tcftp^r. y>-r*>^i*©j;b^M 

T-fi©/hStW*>*fflt,>rn^y- hflffi^nMi£t& 
@mS^tSOTt>J:t>. 5tt^-f^>©F-Xfi-^tia3l 

mE*/h$<-rsc<t^ aA-rs-/*>a©M^-s* 
/jNS<-r*cif. ->y=i>s^ffiifi^©s i -Fie 

[0067] *^BJtt. y- htB@©iii#0 . 1 5 wm 
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mfeTF©MOS bv^i/ZflcmmLtcm^tlCftlcWtZk 
ff)X$>2>. C©<fc5&3&*ffl{t$tt;fcF ETtB, XO- 

[0068] tn\ *mi<m*. u^mmm^^x 
fmmffiZitT^xm&ffimx&z. s/c. s»*naB$ra 

10 

[0 06 9] (J& 1 ©HJ&Jfc&D XmitCMOSWl'M 

fTT*. *-f01 (a)©J:^(C. i";3>ISl±(C 
2 &&$(,fcfft. n MO S BfgtmmiC? * Y 
h 3 J&f&W. pMOS^fiS^cKUVS^DnSS* 

[0 07 0] 2U>T?01 (b)©«fc5{C. pMOSM 
^£7* hU5^h3£f£^ nMOSJfcfiJc^CCp 20 

[0071] -?-i^ximmw<D3mic>r- Yt&mmi 

scim^ */c ^llJSSBJretty- ^m©5ro 
<tGT£*S 1 Ilv'y:3>8£J&J^£l,-C^,>Srts. cn«CK6 

^mi t ^gi' y 3>©siii f s c i -c t 30 

■2>. ^»Sa^y3>8©SU?«. fcii«15 0nml 
[0 07 2] y-htfeJi^fc.fctfy- 

hms^jdE-rs (Hi <o > . y- 

hfitt&aKl£5£3ttSa^ 0. 18/imJU 

T. »«C0. 1 5 Hm«T©y- H^ttSy- H 

mzstsMos h5>^$©Ki&^rffi(cssfflL/cJg 
^tc$Mift { j-c£>s„ c©j:5&y-hfi©y-hm 

L< g|fiim0E©*fi^«i*s<S 

r-r •& c t i»t> * n - y r> v -fofsimfimicmm t & & 

[0 07 3]*KB2 (a) CC^-Ti^K:. pMOSJfc 

nS^K«J*-<*>aAl/. V-X- Fl/^>iMf 
>5> a >^ 1 3 ZBf&?Z>. -X^W * Y VV>X Y 3 
*^UfcS$pS^ffi®l5r^*>aAL. >i«y?hfl[i« 

1 4 £ff?j$-rs., c ©a. t§*p.fh> >; 3 

Jt>©RTAJCJ;^A!ig|*jSatf 5. 50 



^200 1- 1 5629 1 
16 

[0074]7*h U^X h 3 *IH]Slftiaft. n MO S 
A£tf5 (02 (b) ) . CtttCfcf). 

*w+>aAsn/c^i o*^fi£sn?.. &*s. #m 
mmmxu P m o s © wc*t o r * -c i> 

m&flCnMOSlCttLXj*>feAbXbJH,K 
-f^->aA^F©F-Xg«, W*t< «1 x l o-'cm 
■'M-k. <£DEF£L<tt5x l 0 ,J c m" &L_kt?Z>. 
ttc. fff£L<ltl x 1 O^cm-'feTF. J:9fiP*lX 

ttsxio^cm-'arw. ?vm&Am&&-?g 

Aimt^Sti/yn^OS i -H*g£*>y>y»J 
BEtt 1 0 k e VfcLh 3 0 k e V&CFt?Z C £#Jff £ L 

aifrerBist, snsc < & o . iiitfttwc «fc s^ia© 

-St. :7?fPS*i3fc#KigA3ftrxa-h5?yi#14# 
ABStc SfcftmccttitR (xA>-K{blU$) ^Sllta: 

ft? 

[0 07 5 3-7 *«&A&, m-fcj;^-©^*!®* 
(02 (c) ) . lll-©?S&&ffiW 7 A 

mi^^icmmt-r^tcibmmxmmrsxn ^ c t& 

»*l/<. RTA^©#^^S?*L<RfflSn^. c© 

900-1 loo-cii/. ®!&mmi*5&~~2ffflm 

[0076] mr. ©^tea«. 7 ygt&y- h^st© 
*ju^(cjjfS3ti-s*>©-c*i 0 -r&to%. y- 

hm«Sffi5©V-x- FU^>0fiS@Bf^®fc^ASn/c 

7 ^^«r. y- h^ST©^«:ff L/iit?/cS?)©?SiJl!lS 

C©^ffia(C.J:0. ^ + *JWH«*«tl3WS5' 
'J =i >© S i - Hi|g^^> y t; > K*5^^WK 

^ ^^•cgiftstxs. c©^a«^r--;i'<t-rsc 
®aae». »*u<«6oo'c«±. 

«fcO*T3;C<«6 5 0'Cfe(±i-ri. ST*L<tt 

8 5 0*CJ«T. «fcD$f*l/<«8 0 O'CJ^TiTS. @ 

7 y«Ftt©K#^*s^«:f#e>n^t»c 

— ss*sisT#f •& i?? ig©fi£fljj tfb icmm^m 

[0O77]^K@2 (d) K^-T.t^K:. nMOSJfJ 

BS^tc 7*huyxh3 *»»t P mo s xmrnmic 
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1 7 ZBtitTZ. 

[0078]»>T, y-hflffi2 0*5j:Uf>y-hme 

2 1K*H/T. ^-i-eti. tn^t-iHSfcW 
r*-?*-;U 9£iS:WS (03 (a) ) . 9^>Tn 

MO S J&fiS&tSe«:v * r VV-X h 3 £iSM)M£. p MO 

©***^igA*5|S]B#K:fTfctt* (03 (b) ) „ pS^F io 

pm<omm^ <b*> -*>vwb#a> (b 

[0 07 9] v-,>{bJ<a>&Accj:9 v-x • ku-y> 
ffi. corns. #a>wy--hmm<pt l cfR*)ih*titc 
o*>^s#o>3S*»w©i8is*siia*-£-n>„ 

*©#a><!:<tt><c. -e©2fg©«©v ?gt*«gA3*l 20 

i/ r u * 5 mutism? h c t k. j; z> & <ox & 

S. C©.£. ^p^A*^™*. #a>?SSi£W£ 
Ei5±-rsc<»:*ir#S*^ — ^-c«. v?{btfn>£A 
©H ^fcit^TX n -h7 7 Vifttea* J: 0 fiT-T -5 C t 
*s*^«©*IWM^«:J:^W6^«:3ti-ci<^. ft 
fC. 7y^Saf6IK3>H3-;l/L-C^ATS*^lii 

i?X*£Jf^T*e<t#liJfie<»:&.&„ o£ •)> ^SBCCJ: 

y^#14*^-r-S©«:S5l^a©7 ^*«Atic 
[0080] ±iBXfi«:g I . p mo s immmc 

?*Y \sV> X h 3 St^WC n MO SJtMSii^C n 19**6 
«J©^*>aA*?T J 5. CftCC-tO V-X • FW>fg 
He 2 3©BRSiy- hmS2 1 -v©**B«)3IA*5|5lB#«: 
fffrft-S (03 (c) ) „ 

[0 08 1 ] C©&. V-X- FU^MHefccfcO^- 40 
h H«B*©**605*r§1£< t<Dtc#><Dm*imZ:'if 5 . C © 
^ffltt* 21£^©»&£fllAoo*j|5fi^£^KrS1$ 
ft-r&/cJs!>il5tar^B#ra-C=ff^C£*i»*l/< > RTA 

-JMCjcOMSfctTl*. £W!ifflmS9 0 0~ 1 10 0 

•c. mrnit 5 i crafts £ -r 6. 

[0082] ^mmmmv\t±M^M^^x^^)v 

bl")V-{ F2 7£ff$j£U V-X - FlW>6gi£©<£ 

htStn©<SM*0o-ri>5 (04 50 
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(a) ) . rm'^rflUM F2 7tt v St£:£ffiK:&J¥ 

1 0 n mgg©3^^ 7 X'fttc J; ») f 

S. 

[0083] ^fC^BStcBKI^^^O/c^. * > 
yxf>?7y2 9;£Jfr?£-r £ (04 (b) ) . 
ff$Si-C«)iraiffiilt^?rBPSG CJ>^a>^X) ^ 

2 8iin>S*5. ffe©itei^i> /c<b^.«. SOG (Sp 
in On Class) H-fcHSQ (Hydrogen Silisesquioxan 

-r r ^ f y&mm«:iet;r9Ba 

tRStl. df>yXT->JgK:^L/-C»T i /T i N%ft**f 
Sl/<J9i>6ftS. -?-©&. &*o©:£&K:j:«)±@ffiigl 

[0084] ftte. ^Ilifi^-CttCMOS^^a-fe 

x*wict-z>x smutcifi. dram^. ffeWT^-rx 
[oo85] (m2 <D9m&m *mi&Bmiz. m 1 © 

[0086] *f^i ommBmtmmicisxm 1 tc^ 
•rxfi^tT^. &k:05 ( a ) (c^-rj:^(c. pmos 

JK)SS«««C7 * h U^X h 3 n MO S»(S«« 

(CnMW^-^ + ^aEAL. V-X - KW>i#X 

3^L/c**pS?FiW^«:W*>aAU. ^^h® 
«14*0fi£-r^. CCt. V-X - Fl/^iWf 
>->a>^l 3©0fi£{C*JC»r». nST^OK- 

xa, m&ni£z-fe&.T£?zctwm$:i,i,K tct 
fuiwrnzm^zm-it* H-xM4xio ,, cm- , a 

T. JJtbim)i€:3 0KeV«Ti-r-SC<!:3>5 

»*i/i>„ c©«fc-5tc-rntf. s©ii«:fet,^fititi 

r v- U If F©^®^©^{t^fiCi{b 
[0087]V*huyxF3 ZM&Vtc'&. mfc±M 

ic? vm<Dj*^&A*ft5 (05 (b) ) . *$mm. 

BVit p M O S t n M O S <OWfi CC A * >&A V X <, » 
•5. nMOSK^Ltfe^-^^^^aAtiCiKJ; 
0. *7biuna J; ^^T-^tt ©{ST«rW 
±-C*.5„ HU^ ha^JSfj^iW. v-x- KU 

>ra©mi?{cj: 0 jmiis nfciix*A+'-©i«» ss 

ntMo sim&mt-rzimxiibz. se^©Mos h 
=? > i^x ^ 1 >t tt. ft* ;v^©-> >; n > fcttS^ 
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X£gBH)B${C^-i>*;U* + 'JT&ffi&LXS i -Ht§£ 
*J^J»r3 tittfr -> /c. C © J; 5 £t s i - Htfr£©ty»T 

£3l#ifatTJIB£ft£„ HUf Fn>3&jH*ifg 
S £ Kffi^E^tt-^tBS^ > # * * > x e . <D#ik 

sR^©fiistt#A-t < <mrs. c<Di^^ra 

jg«if#«CnMOS(C*JI,>TEa«<!:%S„ nMOStipM 
O S £ Jtf$ L- T & F I- <f >fifOS«E#ife*-l S "C 

sny- hs*s3@< st ») . v-x • f ^ifflKjsaif 

jWfln3*i*<fc5K&4£*6«:Sg»£&.&. 7»3Ra 
A*nMOSK#LTffAtf±ffiraH*J»ftU *» F 
x u t; F xx «fc 4Wffi«^a»-t»fflSl3 > f * * 

>x g.<D£<t$:?mK.m±-rz> ctwes •*>„ 

CO 0 8 8] •f*>&AB#©F-XS»> »*L<ttl 
x 1 0 11 cm-'«±. J:9H*l/<B5xi0 ,J cm-' 
tLk S'fc. ff*l/<ttlxiO"cm-'HT, 

«t»3»*K«5x l 0"cm-'«Tit5. 
Afi#£*r3£&^+*Jl4H*©#fl^SB»«C ftO* 20 
-*-<<>. — 2>. iSAttft^StTSf-S^ i";3>©S i - 
Ht$£t» y > f y > K#9fc$HC 7 ? 3trg&3 ft 
"J*. pMOSK*>»4Xn-h7^«tt©»S, 
l>« n M O S fC te W &iS«imi8E^S&-{>tlS n > # 2 * > 
X#{t©&5±©®S*%#fc{#6n&l>C £***£. £ 
te. MtmjEti lOke V«±3 Oke VWTttS C 
i«*U>. im&K.ifi±*?1fht. -<*>i£A(C 
^^^T.5^tST-Pa^';=i>M^*^«<!:St»). 
©«(D V - X • FU-f >STO"f(CfSO^M 

£f#tc< < tezm-sv&z. im-ms.ifiihz-r'g 30 

■Si. 7 ^ «*i5t»(C^A5#iT. pMOStCteWSX 
XX- F5 y-7&&<D&.m. ab^CHJnMOStCfcWSS 
ffiMBE^gl^lSn > y? £ >Z.'£it<Dffi±<D%>$k&?E 

[008 9J7 » JRttAa. St 1 ©**fe^<bp|«. m 

-isjzvmr.comMmift'i (05 (c) ) . m-©& 

isV^mttmWL-tZ&O-CjbZ. tcttUZRT AW 
07>^7i- A-(c«fc»)*MI&fT<<\ 8$i®&g9 0 0 
~1 1 0 O'C. jff$l/< t*9 0 0~1 0 0 0*C£U B# 40 
IStt5#~2#RgiIg<t-r.5. ^-©^S«> 7?3t 

COmtmiCt&L. »*l/<«6 0 0 

'C«±. «k»3if*L<W6 5 0-cm:£-r-&. if 
$ L < « 8 5 0 -CfcJT. <tD»$U<H800 'C«T£ 

xa- f ^ * yimo&miihm&izmcw htxta^c t 

M£^Tff££:7*iei©J£ffc££€>{C 

mm-ms.wmm<DT-¥m i>w& b . f 5 > y x * ©ggfii 
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[0090] ^«C|S|5 (d) {C^-r«t^K:. nMOS0 
fiS^K:7 * F U^X F 3 Z&I1X p MOSf«K 
pM^iK^«r-/*>iiAU, V-^- FW>xd/*f 

£^b;fc*£nM*tt%*-f:i->£Al, < *^^h«R^ 
1 7*0fi£-rS. 

[009 1 ] fS 1 £I^«HCU-Ca 3 

C-C. 03 (cJ.OSfltV-^- FP^>^«23«: 

F-XM£4x l 0 1S cm-'aT, M&ms. 
*3 0KeVJWT£^-2>C<!:*i*?*l/l,» o CCD«t^«:-r 

)V V is <) V A F 2 7 fcffJfKT =i F > If ^ F 

cmmBVic&i t*>mim< t^m±-r z> c t v-c # z> . 
[0092] (.m 3 (Dmmmrn) *mm&mit. m 1 © 

[0093] 1 ©*s®£s§£iBjiffci,Tia 1 tc^ 
Txe*tf5. ;wc06 (a) tc^-r^^tc. pMOS 
^ts^tc y* v xs^x v 3 zm-t. n MO S^AM« 

«CnS^itt«9^^ + >aAU. V-X- 
^>^a>«J£l 3*JfMre. >XC»"C7* hU^XF 

/c»© R T A K. J: S^^S^rjgSitf ^ . 
[0094] 7* FU^X F34iHliS«iS^ nMOS 

A*tfe- (06 (b) ) . C^tciO, g«-BC7*5£ 
*W+>i£A§li/c«J||l O*i0tiS;$<iS. 7 
*>aA&tt©*?£Li>®fflte<£i>*-e-©SE&5;J:. ^1© 
HiS^S-C^fc© £ |5)«t?* Z> . 
[009 5] ;X«C06 (c) {C^-Tcfc^fc. nMOS0 
(SIS^C7 * F pyx F 3 tStft P MOSM®» 
pM7*fi«J«r^*>j£AU. V-X • FU-^^xi'X^ 

>is 3 >m.mi 6*jtm?z. -x^xv* fi^xf3 

1 7*0fi£-T.2>. 

[ 0 0 9 6 ] v vm&xm. mi (ommmmtm^ m 
—to&vmr.<Dm®m*:'i : i*> (iae (d) ) . m*m& 
^©w^Li^Htej:^©^*^ miofmmm-c 

^/c©£|SIS|-C**. 

[0097] -£©&. m 1 ©HSS^S§£l^«K O-C03 

[0098] (^4 (Dmtfe&m) m 1 ~m 3 ©sisa^jg 

■c«. y- F Slot -( F "5 * — ;i<ff$j£itu tc x n - F 7 

ay ^mmmmxitv- ■< k ^ * - iw&fmx. yym-tt 
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[0099] *?m i oymmfci&tmmticvxm i 

•TX?i?rtf^. 3U»?H7 (a) KwrJ^fC. pMO 
S^R£«g^K:7* I- uyx h3£f8W. nMOSMi 
^(Cnffi^«}*-f*>aAL/. y-X- FU-f>x* 
X7->is a >MH( 1 3 £JfJ(£-r £. ^C>-C7 * h Ui>X 

SW£ 1 4 £JftiX-r-2>. ;*K:07 (b) tc^T^tc. n 
MOSffJiS^Ky * hU-yxh3£g:WTpMOSJfJ 10 
^M^tCp^iW^^-f^^aAL/. y-X- FU-f> 

[0100] cc-c, 07 (a) JCteW-SV-X • FU 
mo F-Xfi. ttJjI^ff*-S«Tif 5C <t#g£ L 

tctz.\mm*mi<>z>t&£s. f-x»£4xio is 

cm-'HT. *SC>B. m%mK.*3 OKe VJWTtT 

LA>. CCD«t^{CTn«. &©XfHC*}<,> 20 
rffitS^toiO-y- hWSlKa/tA- hi") -9- 4 K2 7 

«HSfb*l»±-r* C <t*iT# -5. 

[oioi]j;u-c, y- hmg2 ofc^yy- hme 
2ik:*k,-c < -e-ti-en. if-/ F^*~in 8*j*c;-9- 

F9*-*l OSrl&WS (08 (a) ) . ^l>Tp 
MOSI«tC7* M/yxh3iSWfcft, nMO 

9 y-X- KUY>^2 3®»fiSiy-l-«S2 1^ 
<DT*fi^A*s|^B#Cc?f*jn-5 (H8 (b) ) . 30 
[0 1 0 2 3 CCT, 08 (b) JCteW&V-X • FU 
^>0JlS2 SWfiJtSKte^Ttt. nM*if#g5©F-X 

mmzm^&vte, K-xM4xio"cm-'« 

& J: CM-*- m®_hCc Vis *)*)■<( F2 7 £JfMT 

[0 1 0 3 ] nMOSMffi^V-^ • FU-f>^ 40 
^©/^©^^^A^To/c^ -3^>TnMOS 
Bl&m®lC7 * F b^X h 3 £RWT p MO SJfJfiS;^ 

{cpM^tfi«j©-/^->aA*tf ^. cnccto V-X • 
Yu4>mm2 2 ©Mi y- h m& 2 o -^©^««j^ 

AtfUHHttCfffcih* (08 (c) ) . pS?**6«*©«S 

#n> (b*) «>y -wbxay (bf,«) mzm^ 

[ 0 1 0 4 ] 7 * h U^X F 3 SriMiSt*!yifg. V-X • 50 
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K U-/ >«*2 2.2 3 tp©^««J=&r§14{b-r 

c». fct a t* 9 o o ~ 1 1 o o -c-c 5 i #rag£ 

[0 1 0 5 3 -^©-^y&A^T^ (09 

(a) ) . *HJSJKS|-C«pMOS<tnMOS©li*CC 
-ft>aALtl,»5. nMOStCttL-Tfcy ;>3g-ftf> 
aATiCitcfcO. -t^-HH'hn^StctJi 
?4$tt©<&T&R*lt-Cf S. * ySAsfett©*?* L/ <-> 

[oio637 is i -msvmmmtm 

m> m-*s£vm=.<Dtmm$:ft5 (09 (b) ) . m 

[ 0 1 0 7 3 ■€•©&. mi©H*fe^S§i08lK:Lr04 

[01083 (mbo>wmf&) *mw&mit> siU© 
mmjtmtmm<z>7n-kxT:$>z>i>K pMos©y-x 

• FU^iTOI^fcuyx h £■€■©£ £££LTy 
* gt&A^f 5 7,1^ >*£A&c#t,>g&a®tc 

tmmz. v-x • FW>ffittfb©;fc»©&tos<Lft 

■c«y'a-bx©|ffiBSfb*i0e.txrc>-2.. 

[0 1 0 9 3 *T01 0 (a) ©J^fC. 

1 ±tCfg^StM2 *ff$fiR L>/cf£. n MO S »fiR««{C 

y* hus;x h3*iaw. P MOS^«K'j>f© 
*0fiS-rs. o-^ory* hut?xF3^ufcSS. 

[0 1101 ;*C>-C01 0 (b) ©J:^tc. pMOS0 
tSSS^JCy * F U^X F 3 «rlSW. n MO S JfJfiSM^CC 

pM^fi^-r^^aA^-s.. cnwopS'jxAe 

K«iSEEsa^©fc«>©^itt^*?iA-r 
[01113 in>ximmw<Dmmicy- tt&mmi 

^>';3>8*^fi£i/-ci»-5*^ cn«cise.n-5t>©r 

5f>^Xf>^WM<!: 

iss-tan^ ^ >©s@is<b-r2> c 1 1> t?t 4. 
[01123 *mMBm-cit. m 1 ©iws^si^itb^ 

■c^feS-y y 3 y 8 ©MJ!£S < r c <t *«Sf * Li<». 
fci 1 2 0 - 1 5 0 n mfi&<t-r£. ^mmmmx 
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< y- FS&*©*tt13j©£2{t#iiac 9 ^ 

[0113] *f-y-mim7isj;vy--y-mmtmz& 

f&btcfe. Cft6%^©jItRx-,*>y(cJ;«3-K*- 10 
~>#LXi>'--bnmi:B!8.-rZ> (BIO (e)). y 

-bs«iaa:K:s^§*ii*i. *^«. o. isum 

ttfc 0 . 1 5 u m«T©y- F g£*tr £ V- F 

wsnamtm l < & -s <t £ &tc . mmmKomt mam 

[0114] :Xt,>-C0 11(a) lCfjx?£ >) CC. p MO 20 
S&l&mt&tcy* F H3*gaW. nMOSJ&SM 

«ecn§j:F*€&4-f:*->ttAU V-X- FM>i9 
Xf >f a>fig«l 3«r0JK-T4. Sfcur?* F Pi^X 

[0115] *{C01 1(b) {C*-r<fc5(C. nMOS 
JfcfKMigSCC 7*hU-^h3 fciawt p MO SJfctKfSgJgl 
(Cp^F*61Jj£-Y:*->aAU V-X • F"lW>x£X 

3=&^0/cS$nM^*e«J«r^*>aEAb. ^» F«g 30 

[oi ie]»>T, v- vmm2 0iaj:ay~ 
2iwc, -en-en* f--/F')*-JH8fej:yf 

-f F->*-JH 9*g:W£ (1312(a)). p MO S 

fcj&mmc y*v uyx f 3 ^m-itc^ n mo sm&z 

^A*5|s)B5^TtonS (012 (b) ) . 

[oi 17] r>^xnuosmism.m<cy * F U^X 

h3*Rtffc«. pMOS^BS^«Cp^M^©-Y^ 40 
>&A*?t5. cnK<fcl)V-^- HM>«W2 2 0 
^fiSiy- hm©2 0-©^t$!B)^A*s^B#(^ft>n^ 

(012 (c) ) . pSTOfiftO&Rt*. 

(B*) 4>7vit#u> (BF/) ^*ffl^-5CiJ!)5-e 
SSs^ miOjySff^-C^fc.fc^K:. *&M<D®& 

[0118] ^«c. ±fB7 * F U^X F 3 Zmbtct. 

7»*©-f*>aA*fr9 (013 (a) ) . C© 
j£. 7* F Ui>X F 3 ^fMSIMfflb/cSHc? 
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^•Ctt. V * F U^X F 3 fflgS&K: V -X • F* U A >« 
«2 2 . 2 3 #©*«1&&r^{t^*fc*&i!iffl£tTn 

c©*rfcSM©fa&^§ttia-fs. 

[0 119] ^i?t©^:*>&A^©W£L<t>©B 

Mk. m-tsxvm-^umztf 5 m 1 3 

(b) ) „ CC-C, ^-©IMISI*. V-X • F*U-(> 
f§14{l:©fcJi)©^ifflilt*aSCi<h%i. fB-©&& 
atciHLrii. /c<t^.t3:9 oo~9 5 0 -cfigos&as 

SiL. RTAl?<D^ffi*ffl^.5». — S&~ ©&MSI 
=£#©«* IA>EH«> SfS2©**^®.r&^;te©<tpj 

[0120] *©&. ^1 ©HJfe^flliig«IK:br04 
{C7S0/cXfiS|E*m\ CMOS«r^f4. 

[0121] (.mevmmmm) *mte&mz> m4© 

mkv-x- Fi/-r ><mmfm<o a * >&. a£*t 5 m 
icy vm®4*>iZA>s:ft'>!!*immux^z>. «t. 

[0122] t-rmKDmmmmtwimicoxmncm 

lCTn?xm$:ft *>. cntciO. V-x- Fl/-f>x^ 
Xf->->a>$Bi£l 3. 1 efciO'^^r^ F^l 4« 

1 l*Jfrfc$Z>. 

[0 12 3] >X«:014 (a) tC^-Ti^tC. y-Fm 
g2 0*$J:i>'y-F«iS2 l«:*fl/r. ^n^n. -y-^ 

-^ir>r^S{c7 f ^©-r3f->ftA=&tf».» (014 
(b) ) . -e©&. m-*j«fc^z:©isMa*tf^ (0 
14 (c) >. y vm<DJ*>&}&ft*m&&<Dmiii 
iA>©Htt. m2<DmmBmxm^<tc<Dtmmv$>i> a 

[0 124] o-^t^r pMOSMWtC? * h\sis* 

f 3 n mo s&immc nm*tiM<»>( * 

J^fiEiy— FbIS2 1 -©^iK«}^A*ilsiB#K:?ft>n-& 
(015 (a) ) . o-^^-CnMOS^fSM^K^* F 

pyx f 3 *aw/cft. p mo s &mmm<c p sf^e^ 

2 2©ff^<by- Fm@2 0-©^iffi^A*5|a|Nf{c?f 
t>*i-5 (015 (b) ) „ plWfOSSl^ =i<D> 

(B*) ^7^{fc^O> (BFr) *41l>5Ci*l-C 
miOSeS^fiSr^fcJ:^^:. *^W©^^ 

[0125] -e©^. 7 * F F 3«riHJgK!iSL/, 

y-x • f- ujym®2 2.23 *©^ffi«5^?§^t-r 
ztc&m!im>ktf5. comma. rtai?(c 

«fc«)tfl^ fct^{i9 00~l 1 0 0*C-C5#P^~l» 

[oi26]^©t. mKDmMBi&bmmuiLxmA 
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[0127] ccr, m7 (a) mav^ • fu 

^>x^^t->->3>^1 3QJ&&, fccfcO\ 015 
(a) Kfctt&y-X • F W>^2 3CDff$j£K:fcl> 

z>ct&m£L<,\ tctzimmzm^zm^ f-x 

M4xi0 1, cm- l «T, #>£l>«, JjniI^E£3 0 
Ke V«TiT^C<b^$oii 0 5 CC^ti«, 

WMM*s J: h mfiLtfc: n ^ F 3/ y -f F 2 7 * 
»J«r*IB. a/^FJ/'Jt-f F<Z)3?®^:K<D&{fr?>?g 
«HRY t* B±f 4 C <fc #r # -5 o 10 
[0128] tLbi^/tffi 1 -»6©H»JBJ8(C*Jt»r 
tt. F WBRttfiftoa * ©©pgr 7 9 * a * >& A 
«frr>rc»«. cvrnoioBMBfe. aro (a) - 

(c) ©Igt^tl^. 

(a) FVti&Axe 

(b) i^-Y F9*-JWRStIII 

(c) y-X- FW>»Jfc©fca6©^*>^X1I 
C<D5 *>. mi -813 (DUffi^jKttXH ( a ) . ( b ) 

<dPi8, m4^ms<DmmzmujLm (c) <d&, ^6© 

g9B&«ttXg < b ) . (c) CMBfc, 20 
-Y*>z£A£tToT<,>£ e 

[ o 1 2 9 ] v- b&BmmT<Dm®±mc%fL. mm 

^?>tt, JJBXg (b) <DVA K->*-iWBRJE«r«:y 

mmmc&<D^m*A ^>aA-r^xfM^tf o c <t 

*W£Li>o cct?, y-x- Fu^>«a^©fc* 
C0^iK^>r^>z£A-r4Xfii6i v /ci^^KDH 30 
JSJfc!8fc::fott£03 (b) ©IS4l^\ y-x • Fu 
>f > x * X *r>-> 3 >M^^(D/cfeCD^«!e?2»AXfi 

ft^ttB-C7 -y^O^^>i£A^f^{^ *-fF">*- 

-^y ymz&faZ&Ztt&vzz. £/c, y-x • 

Fl"-f >»fiWf(C«ffllOV y n >^^g«cr)/cfecO®- 
[0 130] XIBXg (b) (Dlf^ F**-*^ 

/a&tcy ^*-Y^->aA^tfA^. 7^^t^is 

[0131] 

[SlJfeW] SlSfeWl 50 
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[0132] *fHl (a) CD£5K:. ^yn>g«l 
±«1ST I (Shallow Trench Isolation) (Cj:£^# 

mm2^m0uLMk, nMos&ffimtc?* fu^ 

F 3£§8:tt, pMOS»JflE«««:U>*-f*>aEAL 

lOOkeV, F— XM6 x l 0 12 c m" 2 1 Ltc a 
[0133] 1 ( b ) (D<fc 5 (C % p MO 

SH^cy* FU^ F3£iS:W, nMOS»fiR««CC# 
u>^r>r^>aAO/Co C*i{cJ:J3pM^^;U6^fi£ 

)EieilO/c^C0^««5iLr^P>€:^A0/Co A*> 

cm _2 <b L/Co 

[0134] £ti@IMK:jy 3 2 . 6 n m<E>*> "J 3 >KS 

fk^6/ccsy-h«jS)li7*^L/c ^>»;3>^ 

A^y3>8«iMEl 5 0nm<bLr«SL//cf^ 
hJte^g 7 V&&£ki/ y 3 > 8 Srii&x 9 * > y <C 

cto/^-^>yu/c (hi (c) ) . &y-bmm<D 

y-hS«0. 13/xmiL/Co 
[0 1 3 5] ;>CK:H2 (a) te^-T^K, pMOS^ 
flt«««:y * F u^x H3*»WrnMOSJBfiE«i«(c 
^^>SAL, y-X • Fb^>x^Xf»3>^ 

V, F-X15X 1 O^cm-'iUc. *C>T^ * FU 
^h3m/^j5^^ httttl 4Jtm<Dtc&<D<< 
t>iiA^}To/Co C<7)^^>aA^aAft@[^3 OS 

t»k JDl«E3 0keV, F-Xll. 3xiO ,J 

©RTAfc**jiW6a*aafT9. 

[0136] O^TpMOSMM^(C7* F Ut?X 
F3*KCt/h«. pMOSOXP-F^^»©7? 
^©>f^>ttA^tfo/c (H2 (b) ) o ttA*frtt, 
»Piimffil5keV, F-Xfil x 1 0 14 cm'^l 
/Co 7 9«8EA«, 2iW©T^-^*fTofc <H2 
(c) ) . ^r— (Dfft&fflil/r, RTAiCctO. 9 50 
•C, 1 0#IHO«WEM«:fTofe. co«Maaccj:o, y 

0, 7 0 0*C, 3 0»BKD«Ua««r?fofc. COJ^S 
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y y > ^ F#$»Wk: -7 * fgrg&s ft£o 
[0137] ;jcwg2 (d) CC*j*TJ:5K:. nMOSi 
J&Sff^fc: 7 * Fl^X F 3 SrSW tpMOS J&jfcfiWcK: 

-<*>£au y-x . Fu^i^f» 3 y« 

16«Bl£0fc. -f*>*Itt:BF,<tU JjniIHl£2. 
5keV, F-XI5xi0 14 cm- J <!:l/Co 

* FU^F3^UcJJW-; FSfPlcl 7Jtm<Dtc 10 
^^t>aA«T^/c 0 CCD^*>a^ttiiAftg£ 

As£ffll>, *niimff8 0keV, K-Xli: 5xi 
0 ,J cm" 1 iUc e 

[oi38]7th i/yx f 3 vm 

=i>H{bfi»»6tt*1J--f Ftf *-JH F"? 
*-JH 9*rHWfc (03 (a) ) . o^tnMOS 
hU^XF3 &RWfcl& p MO SJBfiR 
mmic#v><DJ*>iZA%:ft-itc 0 cfttcj^y-x 20 

• FU-f>««2 2CD7frS£y- F^®2 0^CD^F««J 
•AaWI^CCfTtoti*: (113(b)). ftA*#tt. » 
a*E5keV, F-XI5xio 15 cm- J il/c. 

[0 13 9] pMOSJ&JiK««(cy * F U^X 

F3*RttfcSL nMOSMI^bfO^^>aA 

<ty-hm®2 1 ^o^vwAamtcfr *>*ifc (a 

3 <c) ). tiaA^ft«, JDllE3 0keV k F 

T, looo'c, 1 o«ia©RTA«ia*ffc\ y-x 30 

[0140] *fC, m&±micmmi OnmOa^h 
(a)). :xKjH-5/i/-fr-f F2 7tt, 0^O?cJ:5fc: 

y- F«*bJ:tfy-x • fw >m*$Lkt<c}tm <* n 
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